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Abstract

The electron storage ring DELTA, which is operated by
TU Dortmund University, can be operated at a reduced beam
energy down to 450 MeV instead of 1.5 GeV. If a single
bunch at low energy is stored, the bunch charge threshold
for the emission of THz bursts can be exceeded. Using a fast
Schottky-barrier detector, coherent synchrotron radiation
bursts of THz radiation were detected. Turn-by-turn data of
the THz bursting behavior as function of the bunch charge
and bursting spectrographs are presented.

INTRODUCTION

Coherently emitted THz radiation is routinely generated at
the short-pulse facility of the 1.5-GeV electron storage ring
DELTA which is operated by the TU Dortmund University.
Here, THz diagnostics is used to optimize the interaction
of ultrashort laser pulses and a single electron bunch to
generate VUV radiation by applying the coherent harmonic
generation (CHG) [1] scheme and, more recently, the echo-
enabled harmonic generation (EEHG) [2, 3] scheme.

At many light sources (e.g., the Metrology Light Source in
Berlin [4]), the emission of coherent synchrotron radiation in
the THz range due to the microbunching instability [5] was
observed with intense, short bunches. In standard operation
of DELTA (see parameters in Tab. 1), these so-called THz
bursts are not visible. Recently, signals from THz bursts
were acquired in a low-energy operation of the storage ring.

Table 1: Parameters of the Electron Storage Ring DELTA

standard beam energy 1.5 GeV
circumference 1152m
revolution time 384 ns
multibunch current 130 mA (max.)
single-bunch current 20 mA (max.)
bunch duration 80 ps (FWHM)
horizontal beam emittance 18 nmrad
relative energy spread 7 %1074
momentum compaction factor 5x1073

LOW-ENERGY OPERATION OF THE
DELTA STORAGE RING

The beam energy of the DELTA electron storage ring
is 1.5 GeV during user operation. However, the ring was
designed to be run at energies as low as 450 MeV for the
operation of a storage-ring free-electron laser in the past [6].
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Figure 1: Layout of DELTA comprising the linear accelera-
tor (Linac), the booster synchrotron (BoDo) and the electron
storage ring.

Figure 1 shows a layout of the accelerator complex. Since
an efficient injection at low energies requires sophisticated
tuning of the magnetic fields and timings of the booster syn-
chrotron, it was recently tested to perform a single-bunch
injection at 1.5 GeV and ramp down the storage ring after-
wards. By using look-up tables for the magnet currents and
stepwise ramping, a low-energy operation downto 800 MeV
was achieved. The procedure allows to work with a high
bunch current of about 10 mA in a broad range of beam
energies. The beam lifetime reduces to about 30 min at a
beam energy of 800 MeV because of the energy dependence
of the Touschek effect.

THZ BURSTING

Synchrotron radiation at wavelengths longer than the
charge distribution which causes the radiation phenomenon,
is emitted coherently. The spectral power of the coherent
radiation is proportional to the number of electrons squared.
Another mechanism leading to the emission of THz radia-
tion is the coherent synchrotron radiation (CSR) impedance.
Above a certain bunch current threshold, the CSR impedance
leads to a modulation of the longitudinal phase space, which
gives rise to the formation of substructures in the longitudi-
nal electron density leading to the emission of CSR.

In the parallel-plates model [7], the influence of a conduc-
tive vacuum chamber of height 2/ on an electron bunch is
modeled. The threshold bunch current I, of this instability
is [8,9]

I = yI03a RPali (0.5 + 0.12R 20, oh=3/2) (1)

with the Lorentz factor y, the Alfvén current /4, the relative
energy spread o 5, the momentum compaction factor «..,
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the bending radiaus R and the natural bunch length o .
The dependence on the Lorentz factor reduces the threshold
for lower beam energies. Measurements of coherent THz
radiation were performed at beam energies between 1.0 GeV
and 1.2 GeV.

MEASUREMENT SETUP

The coherent radiation emitted from a 20-degree bend-
ing magnet was focused to a fast, broadband, quasioptical
Schottky diode (ACST GmbH, Hanau, Germany) which is
sensitive in the spectral range from several 10 GHz to 2 THz.
The data was stored in sets of 100 million data points ac-
quired at a sampling rate of 1 GS/s using a fast oscilloscope
(Teledyne LeCroy WavePro 804HD).

Starting with a single-bunch current of about 10 mA, the
beam energy was ramped down until the first coherent emis-
sion became visible. Due to the limited lifetime, the beam
current decreased significantly within minutes and the coher-
ent emission stopped. To study the bursting threshold, the
beam energy was lowered further until coherent emission
set in again.

BURSTING REGIMES

Figure 2 shows the evolution of coherent THz radiation
over 5000 consecutive revolutions at a beam energy of
1050 MeV and a bunch current of 6.1 mA. In this configu-
ration, a minimum signal is always present while a strong
burst rises and decays over approximately 2000 revolutions.
On top of that, sharp spikes with a period of about 100
revolutions are visible.

025 beam energy: 1049.2 MeV, SB current: 6.1 mA
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Figure 2: Coherent THz pulses observed over many turns in
a high-current regime (6.1 mA).

A slightly lower beam current leads to a loss of the co-
herent signal. However, the signal can be observed again at
a beam energy of 1040 MeV and a beam current of 5.4 mA.
A measurement in this regime is shown in Fig. 3. Here, two
bursts, rising and decaying over about 600 revolutions each,
are observed. The two measurements in Fig. 2 and Fig. 3
show a significantly different temporal evolution of the THz
signal.

STUDY OF THE BURSTING THRESHOLD

For a more systematic analysis of the bursting threshold
and different bursting regimes, frequency-domain data were
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Figure 3: Pulse trains of coherently emitted THz radiation

at lower beam current.

analyzed. Figure 4 shows fast Fourier transforms of the
time-domain THz data as function of the beam current. At
a beam energy of 1 GeV, above a bunch current of 4.7 mA,
the spectrograms are broadband. Below this threshold, co-
herent emission is still visible above 4.2 mA at harmonics
of 22.8 kHz which is the synchtron oscillation frequency.
Below this current, no coherent emission is visible.

beam energy: 999.9 MeV
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Figure 4: Spectrograms of THz signals as function of the
single-bunch current (see text for details).

The bursting intensity as function of the beam current
is shown in Fig. 5 for an arbitrarily chosen frequency of
f = 10kHz (blue) and the synchrotron oscillation frequency
of f; = 22.8 kHz. The coherent signal observed at the syn-
chrotron tune is stronger and sets in at a lower bunch current.

During first measurements, the bursting threshold could
be studied at four different beam energies between 1.0 GeV
and 1.2 GeV. Figure 6 shows the corresponding data (red)
and the correlation between beam energy and threshold cur-
rent (blue line). The curve follows the linear dependence on
y as suggested by Eq. 1. The extrapolation to the standard
beam energy of 1.5 GeV proves that the occurence of THz
bursting is unlikely to be seen in standard operation due to
the high threshold current of approximately 17 mA which
is also close to the achievable bunch current limit and far
above the typical bunch current in user operation.
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Figure 5: Comparison of the spectral power of the coherent
emission as function of the beam current observed at the
synchrotron tune (red) and aside from the synchrotron tune
(blue).
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Figure 6: Measurement (red) of the bursting threshold as
function of the beam energy and extrapolation to the nominal
beam energy of 1.5 GeV.

CONCLUSIONS & OUTLOOK

While it is not possible to observe an effect of the mi-
crobunching instability in standard operation of DELTA,
which is a multi-bunch filling of 144 bunches with an av-
erage bunch current of 0.9 mA, it was shown that the THz
bursts occur at lower energy. Studies of the threshold indi-
cate that a bunch current of about 17 mA would be necessary
to achieve bursting at the standard beam energy of 1.5 GeV.
Compared to the emission of THz radiation at the short-pulse
facility, which uses the interaction of ultrashort laser pulses
with 1kHz repetition rate and a single bunch, the bursting
occurs at a higher repetition rate of 2.6 MHz at a comparable
peak intensity of the THz pulses, meaning that the average
power is larger by three orders of magnitude.

Further studies will include spectral measurements to
characterize the THz pulses. A setup for electro-optical
diagnostics of THz pulses is currently built and will help
to understand the spectro-temporal properties of the THz
bursts.

Experiments at Synchrotron SOLEIL showed [10] that
the THz bursting can be stabilized by implementing a feed-
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back acting on the RF voltage. At DELTA, an RF phase
modulation is routinely applied [11]. First experiments indi-
cate that the bursts can be enhanced by correct choice of the
phase modulation parameters. A potential stabilization of
the bursting by a feedback acting on the phase modulation
will be subject to further studies.
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